Longevity is a highly desirable trait that considerably affects overall profitability. With increased longevity, the mean production of the herd increases because a greater proportion of the culling decisions are based on production. Longevity did not receive adequate attention in breeding programs because genetic evaluation for this trait is generally difficult as some animals are still alive at the time of genetic evaluation. Therefore, three basic strategies were suggested to evaluate longevity for cows: Firstly, cow survival to a specific age, which can be analyzed as a binary trait by either linear or threshold models. Secondly, estimating life expectancy of live cows and including these records in a linear model analysis. Thirdly, survival analysis: a method of combining the information of dead (uncensored) and alive (censored) cows in same analysis. This review represents an attempt to shed a light on different strategies of genetic evaluation of longevity in dairy cattle in most of developed countries.
. This trait accounts only for culling that is due to causes other than milk yield. Analyzing productive life before adjusting for yield is complicated because selection goals change over time. Until 1980, milk yield was the primary selection objective of most breeding programs. Now protein yield is the chief goal, and many countries put a negative economic weight on milk yield (Leitch, 1994.) . Due to longevity can be measured in several ways, the genetic evaluation systems are not standardized across countries, making the comparison of sire rankings difficult.
Methods of genetic evaluation of longevity
Longevity has been left out of breeding programs because genetic evaluation for this trait is generally difficult. Some animals are still alive at the time of genetic evaluation, and only the lower bound of their eventual productive life is known. To exclude such records from the evaluation or to consider them exact would lead to biased results (Ducrocq, 1994) .
Several researchers tried to overcome this problem by using one of three basic strategies suggested to evaluate longevity for live cows: cow survival to a specific age can be analyzed as a binary trait by either linear or threshold models (Harris et al., 1992; Boettcher et al., 1998; Jairath et al., 1998; Vollema, and Groen 1998 ) . Unfortunately, this method is associated with a great loss of information. Another difficulty is that traditional methods for genetic evaluation based on linear models, such as BLUP, cannot be properly used for genetic evaluation for longevity because the overall longevity of an animal results from a product rather than from a sum of effects influencing the trait (Beilharz et al., 1993) . In addition, some of the effects that influence productive life, such as milk production, herd size, or management, vary with time. Moreover, the distribution of longevity data is extremely skewed and often unknown. Thus, methods based on assumption of normality have only limited use in the analysis of longevity data (Egger-Danner, 1993) .
For instance, in Canada, the survival of cows in each of the first three lactations is recorded as a binary trait and evaluated with a multiple-trait linear animal model (Jairath et al., 1996) in which survival in each lactation is considered as a separate trait. Relative simplicity is an attractive feature of this approach. However, linear models are not as appropriate for analysis of binary response traits, as they are only appropriates for continuously distributed traits, such as milk production. Therefore, some precision in the analysis of herd life could be gained by threshold model which was less simple but more statistically appropriate (Gianola 1982) . Threshold analyses account for the categorical nature of the phenotype by modeling an underlying normal distribution with truncation points. Both theoretical and empirical results indicate greater estimates of heritabilities from threshold models than from linear models (Gianola, 1979; Weller and Ron 1992) , suggesting increased accuracy of EBV when threshold models are used for genetic evaluation.
In the second strategy, Van Raden and Klaaskate (1993) proposed estimating life expectancy of live cows and including these records in a linear model analysis. One of the most drawbacks of this method represented by estimates based on incomplete data are regressed toward the mean, and therefore have lower heritability and variance than do complete records (Meijering and Gianola 1985; Weller, 1988; Van Raden et al., 1991) . By use of this method first proposed by Weller, (1988) , incomplete records were multiplied by a factor to bring all records to an equal genetic variance. Because the incomplete records have lower heritability, this strategy results in greater residual variance for the incomplete records. To solve this problem the records are weighted in the mixed model equations according to their residual variances. The third method is survival analysis or consideration of cows still alive as censored records (Vukasinovic et al., 1997; Boettcher et al., 1998; Emanuelson et al., 1998; Vollema, and Groen 1998) . Although, the previous methods could be applied to either animal or sire models, survival analysis can only be applied to sire models, and evaluations will be biased if the number of daughters per sire with complete records is low (Vukasinovic et al., 1997) . The attitude of animal geneticists and breeders toward genetic evaluation of longevity has changed considerably since it was found that survival analysis can be used in analyzing longevity data. Survival analysis comprises statistical methods originally developed for research in epidemiology and engineering. Survival analysis combines information on dead (uncensored) and alive (censored) individuals, enables a proper statistical treatment of censored records, and accounts for nonlinear characteristics of longevity data. The survival analysis approach is based on the concept of hazard rate, i.e., probability (risk) of being culled at certain time t, given that the cow has been alive prior to t. The hazard rate is usually modeled as a product of a baseline hazard function, representing the natural aging process, and an exponential function of effects that supposedly influence the culling process, such as herd-year season, milk production level, or genetic effects (e.g., sire effect). The hazard rate can be modeled for all records, uncensored as well as censored records. Famula (1981) was the first author who proposed survival analysis as a method to analyze longevity data in dairy cattle. Smith (1983) and Smith and Quaas (1984) used survival analysis techniques to estimate breeding values of sires based on the length of productive life of their daughters. These techniques were then elaborated (Ducrocq, 1987) and further developed and adjusted for large-scale applications (Ducrocq and Solkner, 1998) .
Routine genetic evaluation of sires based on survival analysis was implemented 1997 in France (Ducrocq, 1999) , in 1998 in Germany (Pasman and Reinhardt, 1999) , and in 1999 in the Netherlands (De Jong et al., 1999) , Italy (Schneider et al., 2000) , and Switzerland (Vukasinovic et al., 2001) . Further, at the time of genetic evaluation of a cow, we know only the lower bound of each animal's productive life, and excluding such records or considering them as complete would lead to a bias. Survival analysis using a proportional hazard model as suggested by Smith and Quaas (1984) and represent an alternative method for evaluation of sires based on the length of productive life of their daughters. Ducrocq et al. (1988) showed that proportional hazard models could be used for the analysis of length of productive life. Ducrocq and Solkner (1998) developed the survival kit typically used by animal breeders for large populations. Survival analysis combines information on uncensored and censored records, which enables a proper statistical treatment of censored records and accounts for the nonlinear characteristic of longevity data. It also offers several advantages over the linear model that is currently used in Canada, including 1) precision can be increased by accounting for differences in days of productive life between cows that survive for the same number of lactations, 2) censored records eliminate the need to wait for 2 yr before using a lactation record, and 3) higher estimates of heritability are yielded in comparison with the linear model, suggesting increased reliability of sire EBV. Generally, a better model used to estimate genetic parameters, should produce greater heritability estimates. Heritability estimates for milk production, for example, were around 0.25 when sire linear models were still used for official genetic evaluations in North America. The estimates then jumped to 0.30 to 0.35 with the implementation of animal models and now are expected to increase again because of the imminent adoption of test-day models in most developed countries (Jamrozik et al., 1997) . These changes in heritability occurred because the models have improved their abilities to account for environmental effects and, consequently, to isolate the additive variance associated with the trait of interest. Therefore, if survival analysis really provided a better description of the failure times of dairy cows than did the popular linear models, one should expect to get higher heritability estimates for the herd life traits by using survival models.
Survival analysis has also been used to evaluate measures of longevity in horses (Ricard and Fournet-Hanocq, 1997 ) and swine (Ringmar-Cederberg et al., 1997). Theoretically, both the threshold and survival models clearly have advantages over the linear model.
International Genetic Evaluation of longevity
Longevity in dairy cattle is internationally recognized as an important trait for the dairy industry; and it can affect overall profitability considerably (van Arendonk, 1991) . Today, nationally predicted sire breeding values for longevity are available in many countries around the world (Miglior et al., 2005) . The internationalization of dairy cattle breeding requires that dairy bulls must be compared across countries, since a lack of information on foreign bulls compared with domestic bulls could lead to wrong selection decisions (Mark et al., 2002) .
National sire breeding values (BV) for longevity can be computed using, for example, linear, random regression, or survival models (Solkner and Ducrocq, 1999; Veerkamp et al., 2001; Caraviello et al., 2004b) . Prediction of international sire breeding values for longevity using multiple-trait across country evaluation (MACE) was found to be feasible in several studies (Van der Linde and de Jong, 2002, 2003; Jakobsen et al., 2004) .
Since 1994, the International Bull Evaluation Service (Interbull) has provided international genetic evaluations using MACE following the methodology introduced by Schaeffer (1994) and subsequently refined by, among others, Sigurdsson et al. (1996) , Sullivan (1999) , and Fikse and Banos (2001) .
National genetic evaluations for direct longevity from 19 countries [Australia (AUS), Austria (AUT), Belgium (BEL), Canada (CAN), Denmark (DNK), Finland (FIN), France (FRA), Germany (DEU), Hungary (HUN), Ireland (IRL), Israel (ISR), Italy (ITA), New Zealand (NZL), Spain (ESP), Sweden (SWE), Switzerland (CHE), the Netherlands (NLD), the United Kingdom (GBR), and the United States (USA)] and from one or more of the following breeds: Brown Swiss, Guernsey, Holstein, Jersey, Red Dairy Cattle, and Simmental, were used for the February 2007 routine international genetic evaluation. The data set used to calculate the international BV for direct longevity consisted of 123,833 national sires'BV after editing (Forabosco et al., (2009) .
International EBV for direct longevity are calculated by Interbull and are made available to the member countries. The member countries can publish direct longevity or they can combine it with predictors (combined longevity). Most of the member countries include longevity in their total merit index. Through Web sites and magazines, sires' BV is circulated among the dairy breeders and the dairy breeding industries can benefit from this information. Longevity has become a very important trait internationally and the extra visibility provided through the launch of Interbull evaluations has led to many national improvements and helped breeders focus more attention on longevity. Proportional hazard (sire or animal) Ducrocq and Casella (1996) Survival (0/1) as a function of time Linear (random regression, animal or sire) Veerkamp et al., (1999) Source: Visscher et al., (1999) . 
